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-::^^This  report  presents  preliminary  data  from  an  investigation  of  water  usage 
at  Fort  Carson,  CO.  Water  meters  were  installed  on  supply  lines  to  various 
facility  types,  and  data  were  accumulated  for  a 3-month  period.  This  invest- 
igation is  continuing,  and  similar  studies  will  be  performed  at  other  U.S.  Ariny 
installations.  Preliminary  data  reported  herein  will  help  formulate  the  basis 
for  selecting  water  conservation  devices  to  be  installed  at  Fort  Carson.  Water 
metering  after  water  conservation  devices  have  been  Installed  will  provide  data 
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for  assessing  the  Impact  of  such  devices  on  total  water  usage. 

Results  of  the  water  metering  effort  at  Fort  Carson,  CO,  have  revealed 
unusually  high  consumption  of  water  In  family  housing  areas,  presumably  for 
irrigation.  The  study  has  Indicated  that  civilian  water  demands  must  be  com- 
pared with  those  of  Fort  Carson  In  order  to  ascertain  why  per  capita  water 
usage  at  the  Installation  Is  so  high.  ^ — 
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This  investigation  was  performed  for  the  Directorate  of  Military 
Construction,  Office  of  the  Chief  of  Engineers  (OCE),  under  Project 
4A762720A896,  "Environmental  Quality  for  Construction  and  Operation  of 
Military  Facilities,"  Task  Area  02,  "Pollution  Abatement  Systems,"  and 
Work  Unit  Number  001,  "Water  Conservation  Techniques  in  Military  Con- 
struction." The  applicable  OCR  is J. 03. 006(2).  The  OCE  Technical 
Monitor  is  Don  Knudsen , DAEN-MCE^D. 

The  investigation  was  performed  by  the  Environmental  Division 
(EN)  of  the  U.  S.  Artny  Construction  Engineering  Research  Laboratory 
(CERL). 

I Dr.  R.  K.  Jain  is  Chief  of  EN,  COL  J.  E.  Hays  is  Commander  and 

Director  of  CERL,  and  Dr.  L.  R.  Shaffer  is  Technical  Director. 
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WATER  USAGE  PROFILE— FORT 
CARSON,  CO 


1 INTRODUCTION 


Background 

Current  construction  practices  at  military  installations  do  not 
incoroorate  water  conservation  technology.  This  has  amplified  the 
impact  of  water  shortages  caused  by  recent  extended  periods  of  below 
normal  precipitation  and  has  put  the  burden  of  increasing  water  de- 
mands on  already  diminished  water  supplies.  Thus,  many  installations 
are  now  expressing  a need  for  potable  water  and  better  wastewater 
treatment  to  meet  these  increasing  water  demands.  Design  of  water 
distribution  systems  and  wastewater  collection  systems  continue  to 
be  based  on  obsolete  per  capita  water  consunption  and  wastewater  pro- 
duction data.  This  need  for  new  design  criteria,  as  well  as  the 
need  to  alleviate  water  shortages  as  economically  as  possible,  has 
made  it  necessary  to  improve  the  efficiency  of  U.  S.  Army  water  usage. 


Overall  Research  Objective 

The  overall  objective  of  this  project  is  to  provide  the  U.  S. 

Army  with  information  which  will  increase  the  efficiency  of  water 
usage  at  military  installations.  Improved  efficiency  of  water  usage 
will  decrease  the  costs  associated  with  water  supply  and  wastewater 
treatment.  Less  obvious  benefits  will  be  (1)  conservation  of  energy 
through  reduced  pumping  and  water  heating  requirements,  and  (2)  im- 
proved design  parameters  for  water  distribution  and  wastewater  collec- 
tion systems. 


Objective  of  This  Study 

The  objectives  of  this  study  are  to  provide  current  water  usage 
data  from  Fort  Carson,  to  evaluate  the  gathered  data,  and  to  appraise 
the  monitoring  techniques  used  in  the  data  acquisition. 


Approach  of  This  Study 

Fort  Carson,  CO,  was  selected  as  the  first  location  for  installing 
water  meters  at  typical  military  installation  facilities.  Barracks, 
family  housing  units,  commercial,  industrial,  and  recreational  facilities 
were  equipped  with  water  meters,  and  data  were  collected  on  current 
water  usage  practices. 
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Future  Work 


Phased  installation  of  water  conservation  devices  will  be  con- 
ducted In  the  facilities  for  which  water  usage  data  have  been  obtained. 
The  Impact  of  a particular  device  or  procedure  on  water  usage  will  be 
measured  and  evaluated  In  terms  of  cost  versus  benefit.  The  result- 
ing data  will  be  the  basis  for  recommending  devices  and  procedures 
for  Increasing  water  usage  efficiency  both  for  new  construction  and 
remodeling  older  facilities.  Initial  experience  and  data  from  Fort 
Carson  will  be  the  basis  for  similar  water  usage  studies  at  other 
U.  S.  Army  Installations.  Energy  requirements  associated  with  hot 
water  service  to  housing,  commercial,  and  industrial  facilities  will 
be  assessed  through  further  meter  installations  at  Fort  Carson. 


Mode  of  Technology  Transfer 

It  is  anticipated  that  this  study  will  result  in  several  draft 
Engineer  Technical  Letters  and  Technical  Notes  related  to  water  con- 
servation at  military  installations.  The  technology  transfer  will  be 
accomplished  through  field  demonstrations,  training  courses,  and  tech- 
nical reports.  Study  results  may  impact  Technical  Manuals  in  the 
5-814  series. 
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2 PROCEDURE 


Water  Usage  Data 

The  City  of  Colorado  Springs,  CO,  supplies  potable  water  to  Fort 
Carson.  Because  of  the  quantity  purchased,  the  cost  to  Fort  Carson  is 
substantially  below  the  cost  that  other  purchasers  pay.  In  1976,  the 
overall  cost  of  water  to  Fort  Carson  was  approximately  $0.50/1000  gal 
($0.13/m3).  However,  the  cost  of  potable  water  supplied  to  Fort  Car- 
son  ic  expected  to  increase  by  2.5  percent  in  the  immediate  future. 

The  average  cost  of  water  supplied  by  the  Department  of  Public  Utili- 
ties, Colorado  Springs,  to  all  users  was  $0.69/1000  gal  ($0.18/m3). 
This  average  cost  to  all  users  encompasses  a rate  structure  which 
ranges  from  $2.11  to  $0.72/1000  gal  ($0.55  to  $0.19/m3). 

Water  usage  at  Fort  Carson  has  increased  during  the  past  several 
years: 

year  Water  Used  (mqd) 


1970 

2.71 

1971 

2.54 

1972 

3.02 

1973 

2.80 

1974 

2.99 

1975 

3.50 

1976 

3.68 

Much  of  the  36  percent  increase  in  water  usage  since  1970  is  the  re- 
sult of  added  water  services;  for  example,  several  family  housing  units 
were  constructed  between  1971  and  1974. 


Site  Selection  and  Meter  Installation 

Fort  Carson,  CO  was  selected  for  initial  water  metering  for  se- 
veral reasons.  It  is  located  in  an  area  which  has  experienced  fre- 
quent water  shortages.  Installation  personnel  are  aware  of  the  need 
for  water  conservation.  Fort  Carson  was  experiencing  what  was  believed 
to  be  excessive  water  usage  on  a per  capita  basis,  but  was  unable  to 
exolain  the  apparently  high  water  demands.  The  installation  has  a 
broad  range  of  water-using  facility  types  for  which  water  usage  data 
were  believed  to  be  necessary  for  the  overall  study.  It  was  also 
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anticipated  that  Fort  Carson  could  use  the  data  produced  by  the  study 
as  they  were  obtained  for  ongoing  water  conservation  efforts. 


A survey  revealed  that  there  were  very  few  water  metering  devices 
at  Fort  Carson.  Tentative  sites  for  additional  meter  installations 
were  selected  from  available  water  distribution  system  maps.  CERL 
personnel  then  selected  37  sites  where  meters  could  be  installed  at 
reasonable  cost  while  achieving  minimum  data  requirements.  The  meters 
were  procured  and  installed  under  the  direct  supervision  of  Fort  Carson 
personnel.  Table  1 describes  the  locations  of  water  meters  at  Fort 
Carson.  (CERL  did  not  consider  readings  from  many  of  the  existing 
meters  because  they  were  inaccessible  or  because  their  data  were  al- 
ready recorded  elsewhere.) 

The  Fort  Carson  Directorate  of  Facilities  Engineering  hired  a 
temporary  employee  to  read  meters  on  a schedule  fixed  by  the  installa- 
tion and  CERL.  Automated  data  collection  procedures  were  considered 
to  be  too  expensive  for  this  oroject;  however,  since  more  continuous 
water  usage  data  will  be  required,  it  is  anticipated  that  automated  and 
continuous  water  usage  data  collection  devices  will  be  procured  as 
soon  as  resources  become  available.  These  devices  will  allow  collec- 
tion of  data  pertaining  to  peak  water  demand  rates;  the  times  of 
occurrence,  duration,  and  frequency  of  water  demand;  and  parameters 
for  designing  new  water  supply  systems. 


Metered  Facilities 

After  numerous  delays  in  meter  procurement  and  installation,  read- 
ings began  in  March  1977.  Meter  locations  and  installation  sites  were 
photographed  and  documented.  CERL  personnel  interviewed  occupants  of 
the  metered  facilities  and  obtained  information  about  water  usage  fix- 
tures (make,  model,  location)  occupants,  and  the  facilities'  opera- 
tional schedules.  The  number  of  interviews  was  rather  extensive,  since 
meters  were  installed  not  only  in  single-family  housing  units,  but 
also  on  water  lines  supplying  large  segments  of  family  housing  units. 

It  is  anticipated  that  meters  on  water  lines  supplying  large  segments 
of  family  housing  will  provide  reliable  average  per  capita  and  family 
housing  unit  water  usage  data,  and  that  those  on  individual  units  will 
provide  valid  ranges  for  per  capita  and  family  water  usage  parameters. 

Other  metered  installation  facilities  were  barracks,  commercial 
establishments,  vehicle  maintenance  and  other  industrial  operation 
centers,  and  recreational  facilities.  Information  about  water  usage 
operations  was  obtained  at  each  metered  facility  as  a basis  for  evalu- 
ating the  water  usage  data  obtained  during  the  study. 
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Water  Meters--Fort  Carson,  CO 


P-1044  C.I.  3 in.  Badger  compound  Enlisted  men's  barracks 


Existing  or 

Building  No.  CERL-Installed  Size  and  Type  of  Meter  Service  Notations 


P-1860  E 1 in.  Neptune  Boiler  make-up 


Existing  or 

Building  No.  CERL-Installed  Size  and  Type  of  Meter  Service  Notations 
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Existing  or 

Building  No.  CERL-Installed  Size  and  Type  of  Meter  Service  Notations 


P-9609  E 1 in.  Niagara  Butts  airfield  boiler 


3 RESULTS  AND  DISCUSSION 


Appendix  A provides  water  usage  data  obtained  from  water  meters 
installed  at  Fort  Carson.  The  reader  is  cautioned  that  the  plots  for 
several  individual  meters  are  not  continuous.  Water  usage  at  numerous 
family  housing  units  greatly  exceeded  the  amount  anticipated  by  investi- 
gators, which  was  based  on  "normal"  civilian  family  housing  water 
usage  of  50  to  100  gal  (198.5  to  597.0  i)  per  capita  per  day.'  Fort 
Carson  family  housing  units  have  exceeded  600  gallons  per  capita  per 
day. 


Tables  2 through  6 summarize  water  usage  data  obtained  during  4 
months  of  metering.  The  tables  report  the  information  in  conventional 
terms  of  volume  per  "commonly  used  denominator"  per  unit  time.  Data 
for  family  housing  units  are  reported  in  terms  of  water  usage  volume 
per  capita  or  per  housing  unit  per  day.  For  consolidated  mess  facili- 
ties, the  data  are  given  in  terms  of  volume  of  water  per  meal  served 
per  month.  Table  5 data  do  not  relate  di  ectly  to  water  usage  activi- 
ties or  to  personnel,  since  appropriate  denominators  have  not  yet  been 
determined,  and  because  there  is  insufficient  information  about  what 
activities  take  place  within  the  metered  facilities. 

The  family  housing  unit  data  in  Tables  2 and  4 exhibit  a broad 
range  of  values.  Based  on  limited  on-site  observations,  it  is  suspec- 
ted that  the  unexpectedly  high  average  daily  water  usages  for  some 
units  reflect  extensive  irrigation  of  lawns  and  gardens.  If  this  is 
correct,  irrigation  practices  and  equipment  would  be  a prime  area  for 
reducing  Fort  Carson's  demand  for  water.  When  the  necessity  for  irri- 
gation has  been  examined,  it  is  likely  that  improvements  in  irrigation 
policies,  practices,  and  equipment  will  substantially  reduce  water 
demand.  Normal  domestic  water  use  ranges  between  45  and  75  gal  (178.7 
to  297.8  Si)  per  capita  per  day.  This  range  of  values  is  somewhat  sub- 
stantiated for  Fort  Carson  by  data  in  Table  3.  Water  usage  on  a per 
capita  per  day  basis  ranges  between  29  and  77  gal  (111.9  to  305.7  £) 
in  troop  housing.  If  the  difference  between  a normally  expected  value 
of  approximately  75  gal  (297.8  £)  and  the  670  gal  (2660.0  l)  per 
capita  per  day  (gpcd)  reported  for  Building  4406A  during  May  1977 
(Table  2)  is  due  solely  to  irrigation,  tremendous  volumes  of  water  are 
being  used  to  maintain  lawns.  In  May  1977,  Building  4406A  could  have 
used  an  average  of  1784  gal  per  day  (2009  - [3  x 75  gpcd])  for  irri- 
gation; this  amount  is  equivalent  to  a 1-in.  (2.54-cm)  rain  on  a 10,000 
sq  ft  lot  every  3.5  days.  Further  clarification  of  the  extent  to  which 
irrigation  is  impacting  total  water  usage  at  Fort  Carson  will  be  achieved 
as  more  data  are  obtained  and  investigated.  Additional  information 
on  water  usage  in  civilian  communities  near  Fort  Carson,  such  as 

^ ^'Household  Water  Characterization,"  Journal  of  the  Environmental 
Engineering  Division,  Vol  100,  No.  EEl  (American  Society  of  Civil 
Engineers,  1974);  Wastewater  Engineering  (McGraw-Hill,  1972). 
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Average  Water  Usage— Family  Housing 

(Gallons  per  capita  per  day  [Metric  Conversion  Factor:  1 gal  = 3.785  £]) 
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Average  Water  Usage--Troop  Housing 


Building  No.  No.  Occupants  No.  Units  Monitored  March  77  April  77  May  77  June  77 
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Average  Uater  Usage--Industrial/Comriercial/Recreational 
(Gallons  per  day  [Metric  Conversion  Factor:  1 gal  - 3.785  t]) 


1525  PX  commissary-  3983  5087  3951  4409 

branch 


r 

I 
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Colorado  Springs,  will  determine  whether  Fort  Carson  family  housing 
policies,  locale,  or  other  causes  are  contributing  to  the  apparently 
high  per  capita  water  usage. 

Current  planning  calls  for  water  conservation  devices  to  be  in- 
stalled starting  in  September  1977.  At  that  time,  additional  "back- 
ground" water  usage  data  will  have  been  obtained--data  which  will  form 
the  baseline  for  predicting  and  assessing  the  impact  of  water  conserva- 
tion devices  on  water  usage  at  an  Army  installation.  As  originally 
planned,  initial  efforts  at  water  conservation  device  evaluation  will 
be  in  the  area  of  domestic  water  usage  because  of  its  applicability 
to  all  U.S.  Army  installations.  It  is  anticipated  that  effort  will 
be  expended  for  developing  more  efficient  methods  of  irrigation  as 
this  study  progresses. 
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^ CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


From  the  data  now  available,  it  is  concluded  that: 

1.  Fort  Carson,  CO,  is  probably  unique  in  terms  of  water  usage 
practices  in  family  housing  areas  because  of  the  large  amounts  of  water 
that  appear  to  be  used  for  irrigation. 

2.  At  Fort  Carson,  water  usage  on  a per  capita  basis  in  family 
housing  areas  greatly  exceeds  the  amount  expected  on  the  basis  of 
normal  civilian  water  demand. 

3.  Information  on  civilian  water  demands  within  the  City  of 
Colorado  Springs  must  be  compared  with  water  demands  at  Fort  Carson. 

4.  Current  manual  methods  of  data  collection  are  satisfactory 
for  initial  data  requirements;  however,  automated  methods  will  be  re- 
quired to  obtain  the  more  continuous  data  necessary  for  measuring  peak 
water  demand  rates,  their  times  of  occurrence,  duration,  and  frequency, 
and  other  parameters  necessary  for  efficient  design  of  water  supply 
systems. 


Recommendations 


It  is  recommended  that: 

1.  Water  metering  similar  to  that  being  performed  at  Fort  Carson 
be  performed  at  other  Army  installations  having  different  missions  and 
climate  conditions. 

2.  Improved  methods  of  irrigation  should  be  sought  for  family 
housing  areas  at  Fort  Carson. 
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APPENDIX  A: 

DAILY  WATER  USAGE  DATA 


WATER  USAGE  DATA,  FORT  CARSON  , COLORADO 


WATER  USAGE  DATA,  FORT  CARSON,  COLORADO 
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WATER  USAGE  DATA,  FORT  CARSON  , COLORADO 
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WATER  USAGE  DATA,  FORT  CARSON  , COLORADO 
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